A new kind of hydrophobic crude oil sorbent was successfully developed by grafting kenaf shive with styrene monomer. In this paper, crude oil sorbents were developed through regeneration method by varying the initiator concentration, monomer ratio and particle sizes in the range of 0.5 -2.5 wt%, 0.5 -2.0 wt % and 125 -1000 µm respectively. This research approach for the development of crude oil sorbent from graft modified kenaf shive/core and the aforementioned variable optimization has not been reported. The effect studies of the individual and combine factors were carried out using a statistical experimental design matrix using five-level central composite design (CCD). Respond surface methodology (RSM) was used to optimise and develop equations of the aforementioned variables (initiator concentration, monomer ratio and particle sizes). The optimal swelling capacity of 616% and 267% lower retention were achieved at initiator concentration, monomer ratio and particle size of 12.5 wt%, 1.50 wt% and 562 µm respectively. TGA-DTA, XRD and BET analysis were carried out on optimised sample and, FTIR was carried on both unmodified (UG) and optimized sorbent. Further computations were done for grafting efficiency (GE), homopolymers and density. The findings display the effect of the three variables and navigation equations were generated for further investigations on them. However, the results show the feasibility and robustness of facile oil sorption.
Introduction
Crude oil spillage is the release of a liquid petroleum hydrocarbon into the environment due to human activity, and is a form of pollution. The term often refers to marine oil spills, where oil is released into the ocean or coastal waters. Oil spills include releases of crude oil from tankers, offshore platforms, drilling rigs and wells, as well as spills of refined petroleum products (such as gasoline, diesel) and their by-products, and heavier fuels used by large ships such as bunker fuel, or the spill of any oily white substance refuse or waste oil. Spills may take from a month up to years to clean up. Oil also enters the marine environment from natural oil seeps.
Crude oil is one of the major sources of income bestowed under the earth's crust of many countries; Nigeria is one of the most endowed countries with this resource. But because of environmental issues associated with exploration, transportation and refining of the crude oil, this very important revenue earner becomes a menace for most of developing countries mainly due to spillage. [1] [2] reported that oil spills cost Nigeria more than 1.89 million barrels annually from more than 10,000 accidental spills which are less than 4% and 22.5% as a result of tanker accidents and operational discharge respectively. [3] reports Tokyo oil spill incident-where about 4 million gallons was spilled out-many lives were lost. Apart from the attendant loss in revenue, aquatic organisms also suffer a lot from this oil spills.
Oil spills is considered as one of the most serious disasters that is threatening the marine ecosystem [4] [5] [6] [7] . Many techniques have been devised to combat this problem [5] .
Oil spill has a great negative influence on the ecosystem by putting the marine lives at high risk. However, the extent of risk is dependent on the type and volume of the oil in addition to other abiotic factors such as the sensitivity limit of the marine habitat. Oil spill on river or sea envelopes the water surface and consequently, shields the diffusion of sunlight that enhances photosynthesis. Aquatic lives rely mainly on Phytoplankton and seaweed for existence. Majority of crude oil discharge occurred in the water ways. About 5 millions tons of unrefined oil products are transported per annum averagely across the ocean globally [8] [9] . Oil consists of wide range of organic (hydrocarbon) based constituents which might be crude oil, refined, edible and non-edible oil. However, crude oil may contain other elements such as sulphur, hydrogen, sulphide and oxygen [10] .
Methods of Combating Crude Oil Spillage
In the past, containment and recovery measures have been utilized for oil spill [4] . The most widely accepted by many researchers and industries is the one prepared from polypropylene fibres and is now being considered hazardous [9] [11] [12] . Nanocellulose aerogel, carbon nanotubes are the recent ones that gave high absorbency capacity (g/g), but these cannot be sustained because of the high cost of raw materials and processing [8] [13] [14] . Most recent research discovery shows that natural materials are the best for oil cleaning-up [4] . Moreover, cotton and kapok are the best amongst the green plants. This is because of their higher oil sorption capacity, biodegradability and recyclability which are preeminent materials for oil spill cleanup. Cotton has loose fibers, which presumably limited their application [4] . The problem with cotton necessitated the use of kenaf shive as a possible alternative, it has other advantages over cotton which has to be converted into pads in the preparation sequence consequently reducing the diameter of the capillaries also has collapsing lumens [15] . Kenaffibres is used in producing bags for agricultural packaging and, by utilizing its shives makes a lot of economic sense since it is normally thrown away [4] .
There are many techniques which were employed to combat oil spillage in the past and the present. Each of these techniques has it peculiar hinges and bottlenecks. These methods were broadly divided into: mechanical/physical methods e.g. Oil booms/adsorbents, Chemical e.g. dispersants, biological e.g. micro-organisms [9] [16] [17] . Amongst these techniques the one that was considered as very promising, eco-friendly and viable to mention but a few, is the physical methods i.e. adsorbents.
Adsorbents are further classified into three, depending on the raw material sources. Synthetics sorbents has been widely used because of its high sorption capacity alas, non-biodegradable. Example of this is foams of polyurethane, urea formaldehyde, polypropylene materials [18] . The second class is inorganic material sorbents which were reported and has its moderate sorption capacity but less abundant and not easily recyclable [12] [19] . The promising and the robust class is natural organic sorbents. Natural materials though with its hydrophilic property can be modified for oil adsorption [3] [13] . Some of its preeminent qualities are: availability, eco-friendly, Cost effective, ease of application, oil retention, rate of adsorption or absorption, re-usability (Recycling) [20] .
Hydrophobic properties are conferred to natural materials by either creating surface roughness e.g. sol-gel, nanoparticle deposit, chemical vapour or by regeneration/fragmentation e.g. electrospinning, cellulose composites, grafting [5] [19].
Being kenaf shive one of the most abundant cellulosic sources with less usage in both industries and household, the research was deemed important to add value to it and solve one of the most disastrous menace that bothers environmental ecological system. Furthermore, kenafbastfibre is used for agricultural 
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Materials and Chemical Preparation
All chemicals are analytical grades and used how it was received without further purification, except for the monomer (styrene) which inhibitors were removed. Dried Kenaf stalks were obtained from National Research Institute for Chemical Technology (NARICT), Zaria.
Source of Crude Oil
The crude oil sample used for the sorption test was obtained from Petroleum Research Laboratory, Warri, Delta state, Nigeria. The raw crude oil was kept at room temperature and the adsorption test was carried out at 40˚C after sorbent development through grafting styrene monomer onto the kenaf shive.
Experimental Procedures
The obtained dried kenaf stalks were subjected to chemical retting, 1% w/v NaOH for 2 hrs in order to extract its shive from the two components (shive and bastfibres). The product was washed with distilled water until neutrality was achieved and further drying took place for 72 hrs at room temperature. The extracted shive was ground into different particle sizes as prescribed by the DoE software.
Synthesis of the grafted sorbent was done by soaking requisite quantity (1.00 g) of kenaf shive in 5 mls of distilled water for 24 hrs. The mixture was transferred to reaction kettle and 1.00 ml of 2% acetic acid, 10.00 ml of 0.4 M of nitric acid and 0.5 ml of the weight percent of the requisite quantities of initiator as well as monomer concentration as in Table 2 were added, however, the monomer was added after purging nitrogen gas for 5 min. The reaction continued for 3 hrs at 60˚C. The sample was then washed, filtered and oven dried at 40˚C.
Three neck flask was quarterly filled with about 25 ml of acetone for homopolymers removal. The initial weight of the thimble was taken after which the thimble plus grafted shive was noted. The latter was inserted into the extractor for the extraction process. This was done at 60˚C for 24 hrs in which the homopolymers weight was calculated as in Table 2 . The experimental processes were repeated for twenty samples using requisites regressors as in Table 2 .
The extracted grafted sorbents were tested for crude oil sorption using requisite quantity of the sorbent (0.10 g) into watch glass containing 5 mls of the oil. This was done at 40˚C for 5 mins to achieve proper sorption.
Analytical Test
Infrared spectra of the sorbent in KBr pellets is analysed and scanned from 4000 BET, XRD and DTA-TGA were carried out ascertain the obtained result from FTIR, in addition, to elucidate the properties of the developed sorbent.
Experimental Design, Data Analysis and Process Optimisation
There are several variables which potentially affects the grafting efficiency and absorption. Response surface method (RSM) would be of tremendous important in the analysis of such multivariate system. The objective of using RSM is to get a quick insight in the interaction amongst the investigated variables, facilitate the optimisation conditions and locate optimal response in the region of interest [21] . For these purpose, a reduction empirical model describing the process was developed for predicting and determining future responses in such system. The generated results of the responses from the experimental runs would be obtained by employing Equation (1) through fitting with a second-polynomial equation was used to predict the studied variable factors as independent variable and interaction between them:
where, Y is the predicted dependent variable, b 0 is constant coefficient, bi, bii are regression coefficient, i and j are index numbers, k is number of patterns, Xʹ i s are independent variables and ε is the random error. The analysis of variance F-test and 3D plots were presented. In addition, the optimum values of the independent variables were identified and further development of the absorbent was carried out at this condition to confirm the regression models.
Results
The Crude Oil Sample Was Characterised Using Rheometer Instrument Experimental Designs and ANOVA Analysis
The obtained results from the absorbent experiments and predicted values by the developed model for the studied dependents variables are presented in Table   3 .
From the interaction results of the variables, two multivariate models were derived to describe the cleaning accompanying the sorbent developed (Equation (2) and (3)). Figure 1 shows is a plot which indicates the crystallinity properties of the sorbent. It is obvious that there are two plateaus which attributes to the crystalline region at 16˚ and 22˚. Generally speaking, the graph shows the sample is amorphous. This is of advantage in the reaction actualization as it comes prone to the reactants, however, gives it more ability to for adsorption.
XRD Plot of Optimized Styrene/Kenaf Shive Sorbent
Discussions
Analysis of Variance (ANOVA)
The properties of the crude oil used in this experimental runs was displayed in Table 1 . Based on the kinetic viscosity and density it shows that oil is of high viscose with the nomenclature Ruby (RB) oil. The major properties which affect the oil sorption onto the regenerated sorbent are oil viscosity and modification efficiency as shown in Table 1 . The functional group which was displayed is a great indication for the modification feasibility.
The synergistic and antagonistic effects are shown by the positive and negative signs in the equations respectively. Based on these models, grafting efficiency and absorption can be predicted as a function of particle sizes, monomer ratio and initiator concentration.
Experimental runs of the studied variables according to central composite design (CCD) results and corresponding values for both experimental and predicted were captured in Table 2 . The table includes some vital information which were determined during the experiments such as; sorbents densities and extracted homopolymers. The effect of variables under study was translated in surface responses both 3D and contour as shown in Figure 2 and Figure 3 .
The models were found statistically significant (p < 0.05) and therefore included in the models, analysis of variance (ANOVA) was performed (Table 3) .
Based on the results, it is seen that the p-values for both responses were both less than 0.05 (<0.0001), this indicates that is significance and both could be used for response prediction. Regression coefficient R that display the total variation of the response were 0.9092 and 0.8670 for grafting efficiency and adsorption, respectively. The R 2 values close to 1.000 is desirable as it shows the acceptable adjustment of the suggested model with experimental data. The grafting and adsorption efficiency of the regression coefficient (R 2 = 0.8469 and 0.8179) and predicted (R 2 = 0.8397 and 0.7983) indicated that the models are highly reliable in terms of repetition of the experiments and also adequate in the actual relationship between the responses and the variables. Furthermore, the adj-R 2 and pre-R 2 are in good agreement where the difference between them was less than 0.2 [22] . However, the adequate precision that is signal to noise ratios were 8.3520 and 7.9870 respectively, which are greater than 4.0 (desirable value). This indicates adequate signals that show the models could be used to navigate the design space. The "lack of fit" shows the variation around the fitted model. In the adsorption is 0.1480 implies that the "lack of fit" is in significant relative to the pure error. The functional groups were displayed in Table 4 indicating the feasibility of the modification. The insignificant "lack of fit" was good and it showed that this model was good to predict the amount of adsorption within the studied range of variables. On the contrary, the lack of fit was significant (F-value was 0.0001) for the graft efficiency, the model could still be used for design space navigation defined by the central composite design Table 3 . Analysis of variance (ANOVA) for the modified styrene sorbent-sorption process. Figure 2 . Response surface (a) and contour plots (b) for oil sorption as function of particle sizes and monomer ratio.
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(a) (b) Figure 3 . Response surface (a) and contour plots (b) for grafting efficiency as function of particle sizes and monomer ratio.
(CCD), due to good agreement between the adjusted and predicted R 2 values
[13] [22] . It is obvious that Table 5 shows the effect of particle size without the effect of any modifier on the kenaf shive sorption capacity. It is observed that particle size (1000 µm) has highest swelling capacity but with high retention. The difference of swelling and retention results to the oil recovery capacity by the shive. The least particle size (125 µm) in Table 5 shows a negative sign in the retention column this might be due to the method in recovering the adsorbed oil consequently, resulting to escape of the shive particle with oil. 
FTIR Spectrum
The optimised absorbent (STo) one was subjected to FTIR analysis as shown in 
DTA-TGA
The adsorption optimization shows increase in monomer and initiator concentration close to one gives the highest oil sorption within the studied range. To the graft efficiency, it shows that increase in initiator concentration and monomer ratio at 1.50% and 16.5% yields the best result. This is also attributed to particle sizes of 560 µm as it is closer to the original length of the kenaf shive [24] .
The grafting efficiency was computed using the following relation:
%E is the efficiency percentage, w1 is the weight of the original grafted shive, w2 is the weight of the grafted product after copolymerization, and w3 is the weight of the grafted product after copolymerization and purification (extraction) [23] . ) ( )
%S is welling percentage; w1 is the weight of sorbent before sorption w2 is the weight sorbent after sorption.
It is observed that the variables have important role in the above results i.e.
percentage swelling and grafting efficiency. The swelling factor also depends on grafting efficiency for oil sorption to some extent until when it becomes saturated. residue. This is an indication of its degree of organic property. Table 2 shows the swelling capacities of the modified shive in which the highest is 637% and the lowest [25] is 205% while Table 5 , the control i.e. unmodified shive is having 525 as the highest and 23% as the lowest. However, this is not the yardstick for the best between the two because we have to consider percentage retention that is the determining factor for the oil recovery. In a nutshell, the grafted shive is preeminent properties for the high oil sorption and recovery, consequently, low retention and high swelling percentage than the ungrafted ones. multiple surface area, radius in nanometer, total volume, micro and mesos volume respectively. These were obtained using appropriate methods as recommended by [7] . The pore size properties prove to the large different in oil adsorption between the modified and unmodified kenaf shive by about 600% -700% of same kind.
Sorption Properties
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BET Analysis
Conclusion
An alternative means of developing crude oil sorbent was successfully achieved from kenaf shive by chemical modification. Effect of three important variables in the modification was studied: monomer ratio, particle size and initiator concentration based on the statistically designed experimental matrix. These effects were investigated using 5-level central composite design (CCD) and response surface methodology (RSM) was used for the process optimisation. FTIR result also indicates the modification achievement, where the expected peaks were obviously shown. This succeeded optimized sorbent was tested for oil recovery; 7.2 g/g was achieved fitting the Langmuir isotherm model. This sorption capacity when compared with the control (ungrafted) and other cellulosic sorbents was very excellent and robust. The modified kenaf shive shows a low retention and high swelling while the unmodified has high retention which is an indication for poor recovery. Based on the studied variables for the sorbents, the sorbent with 562 µm, 16.5%, 1.50% w/v of particle sizes, monomer ratio and initiator concentra-
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tion, respectively, gives the higher oil sorption of (516%, swelling capacity and lower retention of 267%). This perhaps due to presence of homopolymers as the research also investigated on its positive effect. The sorbent has preeminent properties of low density, robust and facile. BET shows the pore size property which prove that is majorly of mesopores 2 nm < size < 50 nm and XRD indicates that the sorbent is amorphous. DTA-TGA indicates the ash content which is invariably proving the organic nature of the sorbent and eco-friendliness.
Burial test which was not captured here for brevity, proved that 50.46% of sorbent was degraded within two months.
